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(57) [Abstract] 

[(jonstitution] Meltirg LiPF6 in mixed solvent wliich corrists o 
f negative electrode and the cyclic carbonate ester 1 0 to 90 
vol% and linear carbcmte ester 90 to 10 vol% designating 
positive electrode and lithiumas active substancebeing a 
nonaqueous electrolyte solution battery which has with 
nonaqueous electrolyte solution and separator which become, 
theaforementioned nonaqueous electrolyte solution, contains 
lithium salt of at least one kind ^^Mchis chosenfrom group 
wiiich consists of IiBF4, liaOl, LiCF3SQ3 andthe 
LiN((T3SQ2)2. 

[EflFect(s)] Because nonaqueous electrolyte solution contaire sp 
eciiic lithiumsalt, A^iien it retains withthe charged state in, self 
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dischargiiig it is difiBcuIt to do, in storage property issuperior. 
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[aain<s)] 

[Qaim 1] Melting IiPF6 in nixed solvent vAich consists of neg 
ati ve electrode and the cyclic carbonate ester 1 0 to 90 vol% 
and linear carbonate ester 90 to 10 vol% which designate 
positive electrode and lithium as theactive substance in 
nonaqueous electrolyte solution battery w^ch has with 
rwnaqueous electrolyte solution and separator whichbecome, 
aforementiorjed nonaqueous electrolyte solution, nonaqueous 
electrolyte solution battery wiiich designates that thelithium 
salt of at least one kind which is chosen fromgroi^) which 
consists ofthe LiBF4, liaOt, LiCF3SQ3 and 
LlN(CF3SQ2)2 is contained as feature. 



[is««2] friHi^7KB«;'a/i<i5ia';^'>AJg$o, o 



[QaimZ] Aforementioned nonaqueous electrolyte solutim non 
aqueous electrolyte solution battery winch is stated in Qaim 1 
wliichthe aforementioned lithiumsalt 0.05 to 0.50 mole/liter is 
contained 



[iS*S3] BtIiaiMKl«,^;{i<3tIIB';^';?Aig^0. 1 
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[Qaim 3] Aforementioned nonaqueous electrolyte solution non 
aqueous electrolyte solution battery vAich is stated in Qaim 1 
wttchthe aforeraentioned lithium salt 0. 1 0 to 0.30 mole/liter 
is contained 
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[Description of the Invention] 
[0001] 

[Field of Industrial i^lication] Hiis invention related to nona 
queous electrolyte solution battery, details designated that 
nonaqueous electrolyte solution batterywhich is superior in 
storage prq)erty is obtained as objective, it regardsthe 
inprovement of nonaqueous electrolyte solutioa 

[0002] 

[Prior Art And Problems To Be Solved By The Invention] In or 
der recently, nonaqueous electrolyte solution battery, energy 
density is hi^ to use rronaqueous electrolyte solution itis not 
necessary to consider decorrposition potential of water voltage 
raising impossible, fromlact that it possesses or other benefit, it 
is observed 

[0003] Hierefore, as solute of nonaqueous electrolyte solution, 
LiPF6 (lithiumhexafluorophosphate) and LiBF4 (lithium 
tetrafluca-oborate) etc areused, but because electrolyte solution 
wttch designates IiPF6 as soluteeven among them ionic 
conductivity is hi^ it is a one of those which arewidely used 

[0004] But, wdien nonaqueous electrolyte solution which melted 
LiPF6 in carbonate ester is used,because wtei it retains with 
chargpd state, disassenbly ( self discharging ) of the carbonate, 
ester happens, there was a problem that battery capacity 
decreases w4uleretaining. 

[0005] As for this invention, in order that this problem is solve 
d, it is somethingu^ch can be done, it designates that 
nonaqueous electrolyte solution battery viiere self discharging 
isdifficult to h^jpen even with vsiien it retains with charged 
state, in the storage property is superior is offered as object. 

[0006] 

[Means to Solve the Problems] Relates to this invention in orde 
r to achieve above-mentioned object asfOT rnnaqueous 
electrolyte solution battery (Below , " this invention battery " 
with it names. )\\liich. Melting LiPF6 in nixed solvent wliich 
consists of negative electrode and the cyclic carbonate ester 10 
to 90 vol% and linear carbonate ester 90 to 10 vol% which 
designate positive electrode and lithiumastheactive substance 
aforementioned nonaqueous electrolyte solution, designates that 
lithium salt of at least one kindwiiich is chosen from group 
which consists of LiBF4, Lia04,the LiCF3S03 and 
LiN(CF3SQ2)2 is contained as feature in nonaqueous electrolyte 
solution battery which haswith nraiaqueous electrolyte solution 
and separator which become. 
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[0007] hJonaqueous electrolyte solution in this invention meltin 
gLiPF6 in nixed solvent N\iTichcx)nsistsof cyclic carbonate 
ester 10 to 90 vol% and linear carbonate ester 90 to 10 vol% , 
is something ^\^lich becomes. When it deviates from this range, 
because solvent becomes unstable reacting with negative 
electrode, to disassenble fact that ratio of the cyclic carbonate 
ester and linear carbonate ester is regulated in above-mentioned 
range, because thestorage property of battery beccnnes bad. 

[0008] As cyclic carbonate ester, ethylene carbonate , prq))ie 
ne carbonate , butylene carbonate arKi vii^lei£ carbonate 
areillustrated, dimethyl carbonate , diethyl carbonate , ethyl 
methyl carbonate , methylpropyl carbonate , methyl 
isoprq>yl carbonate ,the ett^ propyl carbonate , ethyl but>4 
carbonate , dipropyl carbonate , dipropyl carbonate and 
dibutyl carbonate areillustrated in addition as linear carbonate 
ester. These cyclic carbonate ester and linear carbonate ester 
may use one kind aloiie respectively, to jointlyuse accordirig to 
need 2 kinds or more are possible. 



[0009] Preferred lithium salt content of rx)naqueous electrolyte 
solution, is 0.05 to 0.50 mole/liter arxi more preferably 0. 1 0 
to 0.30 mole/liter. When lithiumsalt content is under 0.05 
mole/liter, storage property is rx)t improved by thesatisfactory, 
in addition vAisn same content exceeds 0.50 mole/liter, 
viscosity oiihe nonaqueous electrolyte solution beconing too 
higji, electrical conductivity decreases, discharge capacity 
decreases. 

[0010] Positive electrode active rraterial in this invention 
daily is not limited oxide of each metal of for exanple 
manganese, cobalt, nickel , vanadium and niobium can be 
used In addition, it is possible to use metal conposite oxide 
>\i]ich these metal the2 kinds or more iscontained 

[001 1] Those >\4iich designate substance which intercalation and 
deintercalation doing metallic lithium or thelithiumion is 
possible as electrode rmterial can list as negative electrode 
^vhichdesignatesthe lithium as active substance, lithium- tin 
alloy, lithiunvalumiriumalloy or other lithiumalloy and coke 
and graphite or other carbon material areillustrated 
intercalation and deintercalation lithiumion as substance A^hose 
it is possible todo. 

[0012] 

[Work or Operations of the Invention] Regarding this inventio 
n battery, when it retains with charged state in, thedisassenbly ( 
self discharging ) of nixed solvent which is used is difficult to 
happen As for this, nonaqueous electrolyte solution does not 
contain specific lithium salt regarding conventional nonaqueous 
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electrolyte solu^ion^\tle^e, LiPF6 in nonaqueous electrolyte 
solution, dissociated doing, PF5 forms and ( reaction schem : 
LiPF6 Ii++PF6- Li++F. +PF5),thisthePF5 which 
it fomis> cuts off CO bond in carbonate ester, anion (Such as 
BF4 - ) >\hich it forms from lithiumsalt vis-a-vis, above- 
mentioned nonaqueous electrolyte solutioncontains specific 
lithium salt regarding this invention battery Avhere in order 
todisassentle said carbonate ester, controls disassenbly ( PF6 - 

F- + PF5 ) of PF6 - , canthink of nonaqueous electrolyte 
solution for sake of it is stabilized 
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[0013] 

[Working Exanple(s)] Below, this invention furthermMe is ©c 
plained in detail on h^soiihe Working Exanple, but this 
invention it is not something which is limited in thebelovv^ 
mentioned Working Exanple, modifying apprqjriately in range 
uliich doesnot modify gist, it is something wliose it is possible to 
execute. 

[0014] (Working Exanple 1) Nonaqueous electrolyte battay (t 
his invention batteiy) of type AA ( AA size) was produced. 

[0015] [Production of positive electrode] Mixing with carbonp 
owder lOpartsbyA^eigJitand adhesive and T 5 wei^%N- 
meth>d-pyrTolidone (>MP) solution of fluororesin powder (5 
parts by wei^), asthe IiCoQ2 85 parts by wei^ and 
conductor as positive electrode active material it manufactured 
sluny,applied this slurry to both surfaces of aluninumfoil next 
with doctor blade method , the2 hours vacuumdiying did with 
100 °C and produced positive electrode. 

[0016] [Production of negative electrode] Di^)ersing to 5 wei^ 
t % NMP solution offluororesin powder (15 parts bywei^), 
with natural graphite 85 parts by wei^ as adtesive 
itmanufactured slurry, applied this slurry to one surface of 
copper foilnext with doctor blade method , 2 hours vacuum 
drying did with 100 °C and produced thenegative electrode. 

[0017] [Manufacturing electrolyte solution] 1 mole/liter after m 
eltingliPFe, furthermore adding and nixing doing theLiBF4 in 
volume mixed solvent of ethyler^ carbonate and diethyl 
carbonate etc, it manufactured nonaqueous electrolyte solution 
vsiiichthe LiBF4 0.20 mole/liter is contained 

[0018] [Assenbly of battery] Cyhndrical this invention battery 
Al ( diameter : 13.8 mm ; heigli :48.9 mm) was assembled 
making use ofpositive/neg^tive both electrodes and electrolyte 
solutionabove. Furthermore ,microporousrrmt>rarKof 
polypropylene ofionic permeability was used asthe sqjarator. 

[0019] Figure 1 is sectional view which shows this invention bat 
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tayAl which is produced in theschenHtic, battery Al in 
illustraticMi, consists of separator 3, positive electrode lead 4, 
the negative electrode lead 5, anode external terminal 6 and 
negative electrode can 7 etc A\iTich alienate positive electrode 
1, the negative electrode 2 and these both electrodes, positive 
electrode 1 and i^tive electrode 2, throu^ separator 3 wliich 
nonaqueous electrolyte solution was filled,with state which is 
retracted in coil are stored up insidethe negative electrode can 7, 
as for positive electrode 1 throu^ positive electrode lead 4, in 
addition, neg9ti ve electrode 2throu^ negative electrode lead 5, 
is connected by negative electrode can 7 to anode external 
terminal 6, to theoutside has reached point where it can remove 
with chemical energy whichit occurs with battery inside as 
electrical energy. 

[0020] (Working Exanple 2) At time of manufacturing nonaqu 
eous electrolyte solution, replacing to LiBF4,otherthanthiig 
wdiich LiCF3SQ3 (lithium trifluoromethane sulfonate) 0.20 
mole/liter adding and nixing is done it asseniled the this 
invention battery A2 with as sinilar to Working Exanple 1. 

[002 1] (Workiiig Exanple 3) At time of manufacturing noraqu 
eous electrolyte solution, replacing to LiBF4,othcrthanthii^ 
w*ich UaCH (lithiumperchlorate) 0.20 mole/liter adding and 
mixing is done it assembled the this invention battery A3 with 
as similar to Working Exanple 1. 

[0022] (Working Exanple 4) At time of manufacturing noraqu 
eous electrolyte solution, replacing to LiBF4, otherthan thing 
wWch LiN(CT3SQ2)2 (trifluoromethane sulfoniiride lithiun^ 0. 
20 mole/liter adding and nixing is done it assembled the this 
invention battery A4 with as similar to Working Exanple 1 . 

[0023] (Conparative Example) At time of manufecturing nona 
queous electrolyte solution, other than thing which the IiBF4 
adding and nixing is not done conparison battery B was 
asseniDled with as sinilar tothe Working Exanple 1 . 

[0024] [Storage property of each battery] Autodischarge ratio 
was soi^ concerning this invention battery Al to A4 and 
conparison battery B, storage prcperty ofeach battery was 
in^jected. As shown next, it sou^t autodischarge ratio. 

[0025] (It does not retain discharge capacity when) Each batter 
y immediately after assentling, with 200 mA to 4. 1 Vafter 
charging, with 200 mA discharging to 2.75V, it sougjit 
thedischarge cq^acity vAien it does not retain 

[0026] (It retains discharge c^^acity \\tei) In same way, it asse 
nbled and with 200 mA charged each batteryimmediately after, 
to 4. 1 V, with 60 °C two -month period afterretaining, with 
200 mA it discharged to 2.75V, sougjt discharge c^cityafter 
retaining. 

R7 
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[0027] Because retenti(Mi of two ^nlh period with 60 °C is s 
uitable to theretentiQnofthree years with roomtenperature, 
autodischargs ratio per 1 year with the roomtenperature was 
calculated on basis of foinula below, autodisdiarge ratio of 
each battery is shown in Table 1. 

[0028] Autodischarge ratio (% /year)={ (discharge capacity - wh 
en it does not retain it retains discharge capacity w4ien)/itdoes 
not retain discharge capacity X 100 wiien 

[0029] 

[Table 1] 



[0030] As shown in Table I, as for this invention battery Al to 
A4 where nonaqueous electrolyte solution contains the^)ecific 
lithium salt, autodischarge ratio is small in conparison with 
comparison battery Bwherethe nonaqueous electrolyte 
solution does not contain these lithiumsalt, is siperior in 
storage prc^^erty. 

[003 1] (content of lithiumsalt and sonething related to storag 
e property) at time ofinanufacturing each nonaqueous 
electrolyte solution, other than thing w4iich addition quanhty of 
eachlithiumsalt (IiBF4, LiCF3S03, LiQCM or 
LiN(CF3SQ2)2 ) various was changed, nonaqueous electrolyte 
solution batteiy was assenbled to similar tothe Working 
Example 1 to 4. 

[0032] Next, with 200 mAit charged each nonaqueous electrol 
yte solution battery immediately after theseassenfcling, to 4. IV, 
with 60 °C two -month period after retaining, with 200 mA it 
discharged to 2.75V, sou^ discharge capacity (discharge 
capacity after retaining), result is shown in Figure 2. 

[0033] Figure 2, in vertical axis discharge capacity (mAh) after 
retaining, in addition takingthe content (mole/liter) of each 
lithiumsalt of nonaqueous electrolyte solution in horizontal 
axis, is graph whicHt shows. That from Figure 2, as for hthium 
salt which is contained in nonaqueous electrolyte solution,the 
nonaqueous electrolyte solution per liter 0.05 to 0.50 mole is 
desinfcle, it understands 0.1 0 to 0.30 mole is more desirable. 
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[0034] With above-nmtioned Working Exanple you explaine 
d case where this inventionis applied to c>4iiKhical nonaqueois 
electrolyte solution battery as exanple, hit there is not 
especiallyrestriction in shape of battery, this invention is, 
sonsthingwiuchsuch as flat type itcanapplytononaqueoiB 
electrolyte solution battery of various shape and rectangular 
type. 

[0035] 

[Effects of the Invention] Because nonaqueous electrolyte solut 
ion oMitains ^ific litWumsalt, wten it retains withthe 
chargpd state in, self discharging it is difficult to do, in storage 
property issuperior. 

[Brief ExplanaticMi of the Drawiiig(s)] 

[Figure 1] It is a sectional view of nonaqueous electrolyte soluti 
on battery (this invention battery) wliich is produced with 
Working Exanple. 

[Figure 2] It is a lithium salt content of nonaqueous electrolyte s 
olution and a gr^h which shows relationdiip oflhe storage 
property. 

[Explanation of Reference Signs in Drawings] 

Al nonaqueous electrolyte solution battery (this invention bat 
tery) 

1 positive electrode 

2 negative electrode 

3 separator 
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